The importance of gastric secretion in iron absorption remains unsettled although the problem has been studied for many years. Early clinical studies in which iron absorption was measured by the rate of hemoglobin regeneration in iron-deficient subjects suggested that gastric acidity plays a role in the absorption of food iron (1-3), therapeutic doses of inorganic iron salts, and ferrum reductum (4) (5) (6) . Defective absorption of dietary iron has been demonstrated in achlorhydric subjects by a chemical balance technique (7) , but several workers using serum iron tolerance curves as an index of absorption have reported that achlorhydria does not reduce the assimilation of large doses of inorganic iron salts (8) (9) (10) . More recent data obtained by isotopic methods are conflicting, and in many instances the number of observations is too few to support firm conclusions. Some studies have indicated that achlorhydria does not reduce the absorption of large doses of ferrous salts (11) , hemoglobin iron (12, 13) , or iron from a standard meal (14) , whereas others have shown that the absorption of iron in bread (15) or a standard meal (16) is markedly affected by achlorhydria, at least in iron-deficient subjects. A comparable defect in achlorhydric subjects without anemia has not been found, but studies have been recorded on only six patients (14, 17) , and the techniques employed may not have been adequate for the demonstration of diminished iron absorption because the percentage of absorption in the control subjects in these studies was very low.
* Submitted for publication September 17, 1963 In the present study iron absorption tests were performed on nine subjects with achylia gastrica who were not anemic by using a test meal of white bread of low iron content so that the percentage of absorption of labeled iron was relatively high in the control group of normal subjects. In six of the subjects with achylia gastrica the effect of normal and of neutralized gastric juice on iron absorption was determined.
Methods
Iron absorption test. After an overnight fast 2 ,tc of Fe59SO4 SA, 19 to 34 mc per mg) diluted in 150 ml of iron-free water was given orally with 20 g of white bread. Nothing further was given by mouth for 3 hours. Ascorbic acid was not added to the test dose, and it was not acidified. To reduce the iron content of the test dose a batch of bread was prepared from nonenriched flour and baked in aluminum pans. The loaves were sliced, the crust was removed, and 20-g portions were wrapped in Parafilm and stored at -20°C until they were used. The iron content of a 20-g portion of this bread was 170 ,ug. The tracer was given along with bread rather than after incorporation during the baking process because Steinkamp, Dubach, and Moore (18) obtained the same level of absorption with the two methods.
The absorption of the tracer was determined by a fecal excretion technique and the fecal radioactivity measured in a large well scintillation detector as previously described (19 (Figure 1 ). In view of the error inherent in the estimation of blood volume and the additional error introduced by assuming that the percentage of incorporation of absorbed tracer is the same in all subjects, the fecal excretion technique was chosen in preference to red cell uptake for the measurement of iron absorption. The relatively high percentage of absorption of the tracer from the test meal and the high sensitivity of the detector used for assaying fecal activity overcome the objections raised by Bothwell and Finch (21) to the use of the fecal excretion technique. Preparation of gastric juice. Gastric juice was collected from normal subjects during histamine stimulation and divided into two parts. One portion was stored at -20°C, and the other was neutralized with 1 N NaOH before storage. In iron absorption tests in which gastric juice was employed the radioiron was given with 90 ml of gastric juice and 60 ml of iron-free water.
Selection of subjects. Nine control subjects were selected from co-operative psychiatric patients who were free from organic disease and who were found on investigation to have a hemoglobin concentration above 13.0 g per 100 ml, normal peripheral blood smear, vitamin B.1 absorption above 10% (22) , gastric acid as determined by either the augmented histamine test (23) or the Diagnex Blue test with histamine stimulation, and normal serum iron, unsaturated iron-binding capacity, and transferrin saturation (24) .
The group with achylia gastrica was composed of nine patients with treated pernicious anemia who had been given parenteral vitamin B12 for periods of 3 months to 10 years and who were in complete hematological remission. The diagnosis of pernicious anemia was based on a history of megaloblastic anemia responding to vitamin B,2 alone, vitamin B12 absorption less than 5.0% (22) which increased to more than 10% with intrinsic factor, and pH of gastric juice greater than 7.0 after maximal histamine stimulation. The patients were considered in hematological remission if the hemoglobin concentration, peripheral blood smear, serum iron, unsaturated ironbinding capacity, and transferrin saturation fulfilled the criteria set out for the control group.
The age and sex distribution and the mean values for hemoglobin concentration, hematocrit, and unsaturated iron-binding capacity were similar in the two groups (Table I 19.8% (SD + 9.9), and in all but three subjects the absorption was less than 20% (Table I) . The difference between the mean absorption in each group is statistically significant at the 1.0%7 level.
Effect of gastric juice on iron absorption in achylia gastrica. In six patients with achylia gastrica selected because of their continued availability for study the mean absorption of iron from bread alone was 21.8%, and with the addition of normal gastric juice to the test meal a greater than twofold increase in absorption occurred in all but one subject. The mean absorption, 50.67%, was significantly greater than the mean absorption with bread alone (p < 0.005) (Figure 2 ). The difference between the mean absorption with normal gastric juice in this group of six patients with achylia gastrica and the absorption of bread iron alone in control subjects was not statistically significant. food (1-3, 7, 15, 16) but plays no part in the absorption of larger doses of inorganic iron salts (8) (9) (10) (11) or of hemoglobin iron (12, 13) . The only work at variance with the postulate that gastric secretion plays a role in the absorption of food iron is the study of Pirzio-Biroli, Bothwell, and Finch (14) , who observed that four subjects with achylia gastrica and a larger group of control subjects both absorbed 5.3% of iron from a standard meal. The low percentage of absorption from their test meal, however, may have masked defective absorption in the achylic subjects; Goldberg and associates using a comparable test meal reported 57.5%o absorption of iron in iron-deficient subjects and clearly reduced absorption in subjects with achlorhydria (18.5%o). Although previous work indicates that acid secretion plays no part in the absorption of large doses of inorganic iron salts (8) (9) (10) (11) , in three of these studies iron absorption was measured by serum iron tolerance curves that have been shown by several investigators to correlate poorly with results obtained by more refined methods (25) (26) (27) (28) , and further studies on this point are desirable. That different mechanisms may be involved in the absorption of different forms of iron is apparent in the studies of iron absorption in patients after partial gastrectomy in whom it has been found that the absorption of iron salts is normal (27, 29) and that there is a defect in the absorption of iron from a standard meal (14, 30) , from eggs (31), and from bread (15, 32) . There is also evidence for the presence of more than one mechanism in the recent work of Turnbull, Cleton, and Finch (33) which strongly suggests that iron is absorbed from hemoglobin as a porphyrin complex. In contrast to the absorption of ferrous salts, the absorption of hemoglobin iron is not decreased by food or by phytate or increased by ascorbic acid, and it is not surprising that gastric secretion plays no part in the absorption of this form of dietary iron.
The observation in the present study that the administration of normal but not of neutralized gastric juice completely corrects the defective absorption of food iron in achylic subjects indicates that the enhancing effect of gastric juice is related to pH, but this effect could be due to substances in gastric juice other than hydrochloric acid, such as pepsin or a reducing agent. Many workers have postulated that an acid medium promotes iron absorption by dissolving and ionizing food iron and also by delaying the formation of insoluble or undissociated iron complexes at the higher pH of the small intestine (8, (34) (35) (36) , and support for this concept is derived from animal studies which have shown that acidity promotes the absorption of inorganic iron from isolated small intestinal loops (37, 38) . Pepsin may promote the absorption of food iron by releasing iron bound to protein (39) and by enhancing the reducing properties of protein due to release of sulfhydryl groups. Recent work has shown that a number of amino acids increase the absorption of iron from isolated intestinal loops in the rat (40) , and it is possible that pepsin might also enhance iron absorption by increasing the concentration of amino acid residues in the upper small intestine. Because pepsin requires an acid medium for its action, it is difficult to separate the effect of the enzyme from that of acidity. Reducing agents in gastric juice may explain its enhancing effect on the absorption of dietary iron, but again it is difficult to separate their effect from that of acidity because reducing substances perform more efficiently in an acid medium (35) . The recent report of Beutler, Fairbanks, and Fahey (41) that small concentrations of gastric juice prevent the precipitation of ferrous iron at pH 8.5 suggests that there is a factor in gastric secretion apart from acidity that may promote the absorption of food iron. Apparently, the ability of gastric juice to augment the absorption of food iron could be due to a combination of factors rather than to any single property.
The work of Moore (17, 42) has been widely quoted as proving that acidity plays no part in the absorption of food iron. Moore studied the absorption of radioiron biosynthetically incorporated into eggs and found that the addition of sufficient hydrochloric acid to the test dose to reduce the pH to less than two did not enhance iron absorption in two subjects with hypochromic anemia. No tests of gastric function were reported in these patients, and the number of observations is really insufficient to draw conclusions concerning the effect of acidity per se on iron absorption. In addition iron in eggs is less well absorbed than iron in other foods probably because it is tightly bound in organic complexes (21) , and it may be unwise to apply the results obtained with a single food in a very small number of subjects to all types of dietary iron.
There are two factors that make it difficult to apply the results of the present study to normal dietary conditions. In the first place the amount of carrier iron in the test meal is much smaller than in a normal diet. Nevertheless, if a defect exists on a low intake, it is likely to be present with a high intake although the relative magnitude of the defect may be different. Secondly, the comnposition of the diet is of prime importance in determining the absorption of food iron (21) and the finding of a defect in iron absorption with bread does not prove that it exists with other foods or that it is even present when other foods are given with bread. Although the results of the present investigation indicate that there is a defect in the absorption of iron from bread in achylic subjects, the role of normal gastric juice in the absorption of iron under normal dietary conditions requires further investigation.
Summary
The absorption of radioiron from a test meal of white bread containing 170 pg of iron was determined in nine patients with treated pernicious anemia and in nine control subjects by measuring fecal radioactivity in a large well-type scintillation counter. The mean iron absorption in the achylic group was 19.8% compared with 35.2% in the controls. The difference between the means is statistically significant at the 1% level. A significant increase in absorption was observed when normal gastric juice was given with the test dose of food iron to six of the achylic subjects. Although the effect of adding neutralized gastric juice to the test dose was somewhat variable, the mean absorption with neutralized gastric juice was significantly lower than with normal gastric juice but not different from the absorption with bread alone.
